An all-fiber passive laser mode locking is realized with a vertically aligned single-walled carbon nanotube film that can be transferred onto an arbitrary substrate using only hot water. A D-shaped fiber is employed as the substrate for the evanescent filed interaction of propagating light with the nanotubes. The scheme highlights the efficient interaction achieved by the nanotube alignment as well as dramatically simplified device preparation process. The demonstrated pulsed laser output has 2.9 nm of spectral full width at half maximum, and a 20.8 MHz repetition rate.
interaction with the field of propagating light due to the CNT alignment, therefore low CNT density threshold to achieve the mode-locking, and (iii) high (~100%) yield rate and reliability for the device manufacturing. For the all-fiber configuration, the VA-SWNT film is attached onto a D-shaped fiber.
It is well known that the CNT has outstanding nonlinear optical properties such as saturable absorption. Importantly, it is shown theoretically and experimentally that the absorption of the CNT can be maximized when the field of the incident beam is parallel with the CNT axis. This anisotropic optical absorption property of the CNT is considered to be from π-plasmon excitation. The optical absorption properties of the film remain the same before and after the film transfer. 5,15 we conclude that the actual nonlinear absorption of the sample grown at 800°C is higher than 5% at 1550 nm. In this work, in order to realize an all-fiber mode-locker, the film is peeled by submersion into hot water (60°C) from the quartz surface, and then attached onto the flat face of a D-shaped fiber. The Dshaped fiber is prepared by polishing a single mode fiber (SMF). During the D-shaping, the insertion loss is checked in the water, and the final loss is set to ~5 dB. The VA-SWNT film ensures more than 2-dB improvement of intracavity optical power for the mode locking operation compared with our previous work using the CNT spray method. After adding the film on the D-shaped fiber, the device is dried for 2 hours at 80°C. Our new preparation scheme can guarantee almost 100 % yield by the safe and easy process to form CNT devices. Consequently, we realize a more efficient laser mode-locker with the long, lateral SWNT-light interaction length (~5 mm) as well as the strong light absorption by the aligned SWNTs.
The demonstrated laser has a ring cavity structure (see Fig. 4 ) with an Erbium-doped fiber amplifier (EDFA) as a gain medium. In order to minimize the deleterious reflection to the CNT mode-locker isolators are inserted after the mode-locker and at the output port. Polarization controller (PC) optimizes the round-trip polarization in the laser cavity. An extra SMF is added to adjust the intra-cavity dispersion. 5 % of the intracavity lasing light is tapped for the laser output while the other 95 % of the power is fed back into the laser cavity. When the EDFA is pumped with 400 mA, the mode-locking starts and shows a stable operation. In order to achieve better pulse quality, higher gain is introduced into the cavity. Fig. 5(a) shows the output spectrum of the laser measured with 0.1 nm resolution. The center wavelength is 1562.8 nm, and the 3 dB spectral width is 2.9 nm, indicating the temporal pulse of 883 fs when a transform-limited sech 2 pulse waveform is assumed. Fig. 5(b) shows the measured autocorrelation trace of the pulsed output indicating that the temporal pulse width of 850 fs approaches the calculated value. As can be seen in Fig. 5(c) , the output pulse train verifies the pulse formation by our VA-SWNT film mode locker. The repetition rate of the laser is 20.8 MHz, and the average output power is 12.0 dBm.
As a result, the functionality of our simple and efficient scheme is verified successfully by producing sub-picosecond pulsed laser output. We expect to explore further applications of our controlled SWNT film in the fields of ultra-fast optical switches, polarization management as well as controlled field emissions. 
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